Introduction
Parkinson's disease (PD) is the most common neurodegenerative disorder after Alzheimer's disease. Four million patients with PD were reported in 2007 all around the world (1) . Its prevalence is 202/100000 in Turkey (2) . Although the cause of PD is unknown, it is believed that a combination of genetic and environmental factors plays role in its pathogenesis.
Currently, there are no gold standard tests for the diagnosis of PD. The diagnosis is made through neurologic examination and anamnesis, and motor symptoms are kept in the forefront for diagnosis. Bradykinesia, resting tremor, rigidity, and disturbances of posture and walking are the characteristic motor findings of PD. However, patients with PD can have non-motor symptoms besides motor symptoms. Non-motor symptoms can promote early diagnosis of the disease and can affect patients' quality of life more than motor symptoms (3) . These symptoms are neuropsychiatric disorders such as mood disorders and cognitive decline; autonomic dysfunction, such as constipation and ortostatic hypotension; sleep disorders; sensorial disturbances; reduced ability to smell; fatigue; and pain (3) .
Speech and language dysfunctions have been reported in PD. Although dysarthria and hypophonia are rather common, there are also language disturbances that are not associated with motor functions. These disturbances include morphosyntactic, lexicalsemantic, and discourse-level processes. Studies show disturbances in language functions including understanding long and complex sentences, action word recognition, action word naming and producing, and metaphor comprehension (4) . Although some of these disturbances are associated with impairment in cognitive processes including executive functions, working memory, and selective attention, some studies showed that language disturbances were independent from cognitive decline (4) . Such studies may be helpful in showing the role of basal ganglia (BG) on language and investigating the motor theory of language. Also, early recognition of action-related language dysfunction can be useful in the early diagnosis and treatment of PD.
According to the Embodied Cognitive Theory, cognitive representations containing meanings about different body parts are associated with brain networks associated with that part of the body (5) . The motor theory of language based on the Embodied Cognitive Theory suggests that action-related language is located in the areas of the brain related with action. Indeed, the activation of the primary motor and premotor cortex while processing words or sentences that describe action including movement of the mouth, hand or leg supports this theory (4) . In contrast, there are also studies showing that activation of cortical motor areas that have somatotopic organization with action-related language does not follow somatotopic organization (6) . Motor cortex lesions do not cause disturbances in the processing of verbs, whereas premotor cortex lesions do, which makes us question this theory (7, 8, 9) . The findings of these studies suggest that other systems and areas in the brain besides the cortical motor system play a role in action-related language. The motor system is not limited to the level of cortex and therefore, the effects of subcortical areas and subcortico-cortical network on action-related language should also be considered. In this context, PD with impairment in cortical and subcortical functions can provide an important backdrop to investigate the effects of the cortical and subcortical network on action-related language.
We reviewed studies on action-related language deficits in PD to evaluate the brain localization of action-related language. First, we briefly discuss cognitive disturbances that are considered to underlie the disturbance of action-related language in PD. We very briefly mention speech disturbances due to motor problems, which are common in PD, because they are beyond the scope of this review. We review studies on action-related language in PD in detail. Finally, we review the role of impaired BG in PD in action-related language and the organization of action-related language in the brain.
Cognitive Disturbances in Parkinson's Disease
Cognitive disturbances affect at least 75% of patients with PD within 10 years of diagnosis (10) . The most common cognitive dysfunctions are related to visual-spatial functions, attention, and executive functions (11) . These features differentiate cognitive impairment in PD from other neurodegenerative disorders such as Alzheimer's disease, in which memory problems are common in the early stage (11) . These disturbances occur in the early period of PD and become more apparent in time and eventually progress to dementia (12) . Therefore, an integrated approach in treatment should be adopted and patients should be evaluated for the presence of cognitive symptoms besides motor symptoms. Aarsland et al. (13) reported that patients with early PD who did not take any medication had two times more cognitive impairment compared with healthy controls.
In patients with PD without dementia, visual-spatial impairment is not considered as a pure disorder and is thought to originate from motor and/or executive dysfunction. However, the persistent presence of visuospatial impairment while performing tasks that do not require motor and/or executive functions contradicts this theory (14) . Deterioration in the picture naming task, which is commonly used in action-related language studies in patients with PD, can be attributed to visuospatial impairments. It is expected that disturbance in visual perception in PD could lead to deterioration in the perception of pictures, which could cause an increase in naming errors.
PD does not cause a deficit in all attention domains. Vigilance and sustained attention are often preserved in PD. Patients exhibit worse performance in tasks related to implicit attention, divided attention, processing speed, and directing resources of attention internally (15, 16, 17) . However, deterioration in implicit and divided attention is thought to be secondary to deterioration in inhibitory mechanisms.
Cognitive functions such as planning, cognitive flexibility, autonomic response inhibition, holding, and processing and managing data in the working memory are executive functions. Various executive dysfunctions are reported in early PD (18) . Studies have shown disturbances in cognitive functions including working memory, planning, observation of response, cognitive flexibility, trial and error learning, and attention control in patients with PD with or without dementia (14) . However, these disturbances, which are affected by intelligence, age, and education and treatment, present in different ways in each patient (18) . Executive function and attention deficits are considered to occur first, and other cognitive impairments are considered to be mainly caused by these initial deficits. Therefore, the role of executive functions in tasks that evaluate language functions should not be ignored, and the results of these tests should not be considered as only representing language.
Besides these deficits, memory problems involving delayed recall, temporal sorting, and conditional learning can occur in PD (14) . Memory disturbances are thought to originate from executive dysfunction in PD (19) . Long-term memory is preserved in PD, and short-term memory deficits have been reported (20) . Shortterm visual memory impairment is correlated with disease severity and motor performance, whereas short-term verbal memory is preserved (21) . Declarative and procedural memory disturbances are more common in patients with PD compared with healthy controls (22) . Coding and recognition are preserved in PD, whereas initiating and resuming search strategies can be impaired (14) . Thus, using tasks that require a search strategy in language studies may result in false deterioration of language functions.
Language disturbances due to motor problems are very common in patients with PD (16) . Ninety percent of patients with PD present with disturbances in voice and/or articulation during the disease (23) . Specific speech for PD is characterized by monotonous speech and decreased sound volume, speaking with short sentences, short and fast speaking. Most of these speech problems are caused by hypokinesia and rigidity (24) . Patients often complain of hoarseness and others not comprehending their speech. Patients also have difficulties in production and comprehension besides speech disturbances due to motor problems. These difficulties are thought to be caused by cognitive impairment in PD but they may also be sole language deficits. Deteriorations in tasks involving processes such as naming, production of words using semantic and/ or phonemic clues, understanding sentences and grammar have been reported (14) . These deteriorations can be seen at the level of words, sentences or long conversations. Dysfunctions at the level of words are associated with executive dysfunction, and dysfunctions at the level of sentences and long conversations are associated with attention deficits (25, 26, 27) . Disturbances in syntactic processes in PD are associated with cognitive disturbances including working memory and data processing (28) .
Action-related Language Disturbances in Parkinson's Disease
Various studies have shown that the motor system plays an import role in understanding and producing verbs. Studies using different imaging modalities showed that fast-triggered motor activations were functionally related with comprehension in a somatotopic manner after reading or hearing verbs (29, 30) . Outputs from BG to frontal motor areas are diminished due to a decrease of dopamine in the striatum in PD, which causes dysregulation in the presupplementary motor area, supplementary motor area, primary motor cortex, and ventral premotor cortex (31) . PD can lead to finding the localization of action-related language in the brain. All studies that will be discussed in this section are summarized in Table 1 . Peran et al. (33) used the word generation test in patients with early stage PD who were during ON medication using two intracategory word groups (noun/noun and verb/verb generation) and two intercategory word groups (noun/verb and verb/noun generation). Patients were asked to produce a noun or verb related with the word they heard. Patients with PD were unsuccessful in producing verbs and they made more grammatical mistakes in tasks involving verbs. The researchers suggested that impairment in verb production may be caused by prefrontal cortex dysfunction in patients with PD. However, this study offered no evidence for the two separate theories suggesting that verbs are represented in the brain according to their meanings or grammatical features. The authors suggested that verbs may be related with prefrontal cortex grammatically because of their semantic and syntactic features, and impairment in verb producing in patients with PD may be caused by this relation.
Signorini and Volpato (34) performed cognitive, verbal fluency, and object and action naming tests on patients with PD and healthy controls and followed up these two groups for 24 months. Tests were repeated at 6, 12, 18, and 24 months. At first, there was a difference only in action fluency, which is one of the verbal fluency tests, between the patients with PD and healthy controls. This disturbance in action fluency persisted during the follow-up visits. The authors suggested that the disturbance in action fluency might be caused by executive dysfunction because action naming scores were normal in patients with PD.
Cotelli et al. (35) performed various neuropsychological tests and a picture naming test including object and action pictures recruiting patients with early stage PD. Patients with PD showed worse performance in both object and action naming compared with healthy subjects. However, there were also differences between object and action naming tests in patients with PD; action naming was worse than object naming in patients with PD. When these disturbances were evaluated with other neuropsychological tests, a negative correlation was found between disturbance in action naming and visual memory test scores. The authors thought that the complexity of pictures might cause a disturbance in the naming test and suggested that the disturbance in action naming might be caused by subcorticalprefrontal dysfunction in PD.
Boulenger et al. (36) evaluated the performance of patients with PD and healthy controls in a priming effect task. In this task, a lexical judgment test including nouns and verbs was used. Patients with PD were tested during ON and OFF medication. A priming effect, which was observed in healthy subjects, was not observed in patients with PD during OFF medication; however, it was observed in patients with PD during ON medication. These findings showed that verbs were selectively impaired in patients with PD during OFF medication when the symptoms of the disease are obvious, but when the symptoms were improved with levodopa, performance in verbs became normal, which suggests that the motor system plays a role in verb processing.
Castner et al. (37) performed a study on patients with PD to evaluate the effects of subthalamic nucleus deep brain stimulation (STN-DBS) on the production of nouns and verbs using the method of Peran et al. (33) . Patients with PD were tested during ON and OFF stimulation conditions. During the OFF stimulation condition, patients with PD showed selective deterioration in verb production compared with healthy subjects. During the on stimulation condition, patients with PD made significantly more mistakes in noun-noun and verbverb conditions compared with healthy controls. In view of these findings, the authors suggested that STN-DBS modulates the frontotemporal network, which is related with word production. During the ON stimulation condition, mistakes in verb production, which were not observed during the OFF stimulation condition, could depend on the small number of words that can be selected. With this finding, the authors concluded that STN-DBS could selectively affect the chosing ability from various competing processes.
Crescentini et al. (38) performed a word production task on patients with during PD ON medication and healthy controls. Differing from the study of Peran et al. (33) , their method contained only noun/noun and noun/verb tasks. These tasks were also built to contain conditions such as chosing a response from different options and strong or weak relations between stimulusresponse. Patients with PD showed worse performance in verb production compared with healthy controls. It was reported that patients with PD made grammatical mistakes during verb production. Also it was reported that the strong relation between stimulus and response had a great effect on performance. This finding might suggest that patients with PD had difficulties in verb production because they could not choose from competing options. It is known that choosing one and eliminating other options is a function of BG and with their findings, the authors suggested that language disturbances in early-stage PD could be caused by the loss of this function.
Peran et al. (39) performed verb production task in PD during ON medication with functional magnetic resonance imaging (fMRI). Stimuli consisted of object pictures grouped as man-made objects and biologic objects that could be manipulated. In the first step, patients were asked to name objects that they saw, and in the second step, they were asked to say a verb that could be used with the object they saw. Patients showed worse performance in the verb production task. Significant activation was observed in the prefrontal cortex, Broca area, and anterior cingulate cortex in fMRI during the verb production task. There was no association between the impairment in the verb production task and the United Parkinson's Disease Rating Scale (UPDRS) scores, but a positive corelation was found between UPDRS scores and activations in bilateral pre-and postcentral gyrus, the left frontal operculum, left supplementary motor area, and right superior temporal cortex. Thus, it was concluded that the frontal cortex played an important role in verb production. Also, the researchers suggested that the cortical network could become active to overcome the verb production deficit, which was caused by the impairment of motor striatal-frontal loops.
Rodriguez-Ferreiro et al. (40) evaluated patients with PD, healthy controls, and patients with Alzheimer's disease. Mini Mental State Examination scores were not different between patients with PD and healthy controls and they were lower in patients with Alzheimer's disease, as expected. The healthy controls showed significantly better performance in the picture naming task including nouns and verbs compared with patients with PD and patients with Alzheimer's disease. However, action naming was found to be worse than object naming only in patients with PD. With these findings, the researchers concluded that the motor system played a role in the action-related language processes.
Herrera et al. (41) compared the verbal fluency performance of patients with PD using levodopa and healthy controls. The patients were tested during ON and OFF medication. Patients with PD during OFF medication produced fewer words in phonemic and verb categories of verbal fluency compared with patients during ON medication and healthy controls. Also patients with PD during OFF medication produced verbs that were more commonly used in daily life in the action fluency task compared those during ON medication and healthy controls. Patients with PD during ON medication showed similar performance to the healthy controls and produced words with similar frequency. The authors suggested that dopamine played a role in the lexicosemantic system, especially related with word recall.
Herrera et al. (42) used a picture naming task with patients with PD and healthy controls to evaluate the effect of motor content of words on naming. The words were grouped as motor or non-motor verbs in the task. Healthy controls showed similar performance in both groups of words but motor verb naming was impaired in patients with PD. The authors concluded that the brain areas related with action were also related with actionrelated words, which caused impairment in action-related word naming in patients with PD.
In another study, Herrera and Cuetos (43) investigated the effect of dopaminergic treatment on action and non-action verb naming in patients with PD. Patients during OFF medication named action verbs more slowly than patients during ON medication, but there was no difference in non-action verb naming between them. This finding shows the positive effect of dopaminergic treatment on action verbs.
Silveri et al. (44) performed naming and reading tasks on patients with PD with bilateral STN-DBS and healthy controls to evaluate the effect of the stimulation of STN on nouns and verbs. Healthy controls showed better performance compared with patients with PD in the action naming task. Both healthy controls and patients with PD showed worse performance in action naming compared with noun naming. Patients with PD were significantly slower than healthy controls in action naming. During the ON stimulation condition, patients with PD showed better performance in terms of accuracy and response time and made fewer semantic mistakes in the object and action naming task. Also, during the ON stimulation condition, action naming was more improved than object naming. In the reading task, accuracy was similar between two groups but there was slowing in response time in patients with PD compared with healthy controls. However, the difference between object and action naming was not observed in noun and verb reading between patients with PD and healthy controls. This study showed that STN-DBS, which has an important place in the treatment of PD, also has a positive effect on actionrelated language.
Fernandino et al. (45) evaluated the differences between action verbs and abstract verbs in PD. A lexical judgments test containing a priming effect and semantic similarity judgments test was performed. Patients with PD showed worse performance in both tests for action verbs, in particular compared with healthy controls. The authors concluded that the motor system did not play role in verbs in general, but played a specific role in action verb processing.
Fernandino et al. (46) performed a task in which patients tried to decide whether sentences were meaningful. Meaningful sentences were grouped as sentences containing action in its real sense, metaphoric action without idiomatic expression, idiomatic action, and abstract action. Action-related sentences were created with the same action verbs describing hand/arm movements. Responses to sentences containing real action verbs and idiomatic verbs were slower compared with responses to sentences containing abstract verbs in patients with PD. Such a difference was not observed in healthy controls. The authors suggested that the sensorimotor system played an important role in action-related semantic processing including metaphoric action language.
Ibanez et al. (47) used an action-sentence compatibility effect (ACE) paradigm in which patients with PD performed an action and then decided whether the given sentences were related with the action they performed. The ACE paradigm leads to a delay in response time in incompatible action-sentence couples compared with compatible action-sentence couples. During the task, patients listened to sentences including opened hand verbs (e.g., to clap), closed hand verbs (e.g., to use a hammer) and neutral verbs (no hand movement, such as to visit) and they were asked to respond to every sentence by pushing the button with their hands in an opened or closed position. ACE was reduced in patients with PD compared with healthy controls. This finding could not be explained by general cognitive impairment or executive dysfunction. Also, there was a strong correlation between ACE performance and measures of action-related language processes. These findings supported the theory that there was impairment in action-related language in PD independent of cognitive impairment.
Kemmerer et al. (48) performed a semantic similarity judgments test including action and non-action verbs on patients with PD during ON and OFF medication and healthy subjects. PD patients during ON and OFF medication gave correct responses as similar with the healthy subjects. However, the reaction time was longer in patients with PD regardless of ON and OFF medication in both action and non-action verbs compared with healthy controls. Although a slowing in verb processing was observed in patients with PD, there was no difference between action and non-action verbs, no shown effect of dopamine, and no difference in terms of accuracy, thus contradicting the Embodied Motor Theory. Also, only verbs were used and there was no comprasion between nouns and verbs in the study, which does not allow any assumptions on whether the slowness was specific to verbs.
Peran et al. (49) performed fMRI on patients with PD during ON and OFF dopaminergic treatment states to investigate the effect of levodopa on action-related language. Participants were given three tasks; naming objects that they saw on the screen, producing a verb that could be used with the object they saw, and imagining the action in their minds. Patients made more mistakes in verb production compared with object naming regardless of ON and OFF dopaminergic treatment states. Verb producing elicited more activation in the left prefrontal cortex and left precuneus compared with object naming, and mental imagery of the action caused more activation in the bilateral prefrontal cortex and bilateral parietooccipital junction compared with object naming. fMRI showed differences in prefrontal areas between verb producing and object naming tasks and in the thalamus and premotor areas between mental imagery of the action and object naming in patients with PD with ON dopaminergic treatment state compared with OFF state. However, in patients with PD with OFF dopaminergic treatment state compared with ON state, fMRI showed no difference between verb producing and object naming, or between mental imagery of the action and object naming. These findings suggested that dopaminergic treatment modulates brain activations associated with actionrelated language. According to the researchers, involvement of motor and premotor areas in cerebral reorganization suggests that the putaminal-motor loop plays a role in verb processing.
Cardona et al. (50) used an ACE paradigm in patients with neuromyelitis optica (NMO), acute transverse myelitis (ATM), and early-stage PD to investigate the effects of the motor system in brain and the peripheral motor system directly related with muscle and skeletal activity separately on action-related language. Three healthy control groups for each patient group were also included in the study. NMO and ATM represent peripheral motor system, whereas PD represents the motor system in the brain. Neuropsychological tests showed impairment in short-term memory, slowing in information processing, and partial executive dysfunction in patients with NMO, whereas there was no cognitive impairment in patients with ATM. There was impairment in working memory and action verbs in patients with PD. Patients with PD showed deterioration in ACE, whereas patients with ATM and NMO did not. This study showed that action-related language was associated with the motor system in brain but not with peripheral motor systems.
Bocanegra et al. (51) comprehensively investigated actionrelated language, cognitive functions, and syntax in patients with PD. PD patients showed significant deterioration in executive functions, syntactic analysis, verb naming, verb and object identification compared with healthy controls. Deterioration in syntactic analysis and object identification was found to be related with executive dysfunction, whereas deterioration in verb naming and verb identification were independent of executive dysfunction. These findings suggested that verb processes apart from other language processes and executive functions could be associated with BG.
Melloni et al. (52) used an ACE paradigm in patients with early-stage PD and healthy controls. The important part of the study was that the cortical recordings of the motor potential, functional connectivity measures, and structural analysis of the BG through voxel-based morphometry were investigated on top of behavioral data. Patients with PD exhibited impaired ACE, reduced motor potential, and aberrant frontotemporal connectivity compared with healthy controls. Motor potential changes during the ACE paradigm were correlated with the volume and atrophy of BG. These findings suggested that a cortico-subcortical network involving the BG could play a role in action-related language. The authors claimed that impairment in action verbs could be a neurocognitive marker for early-stage PD.
Rodrigues et al. (53) investigated action-related language impairment in PD using verbal fluency tests. There was no difference between patients with PD and healthy controls in terms of cognitive tests and phonemic and semantic fluency tests. However, patients with PD exhibited significant impairment in the action fluency test compared with healthy controls. As shown in the study of Ibanez et al. (47) , observation of impairment in action verbs before cognitive impairment suggested that action-related language processing was independent of cognitive functions.
Garcia et al. (54) investigated action verb production in patients with PD to evaluate the effect of PD on spontaneous discourse. Patients with PD do not report problems with their speech except for having motor language disturbances, which highlights the importance of using spontaneous discourse production tests rather than artificial tests to assess language impairments. Language production in patients with PD was similar to healthy controls. However, patients with PD tended to refer to less action-related issues; instead they preferred to use qualifier words in conversation more.
Salmazo-Silvo et al. (55) used verbal fluency tasks involving nouns and verbs, naming and semantic association tasks in patients with PD and healthy controls to investigate the Embodied Cognition Theory. Both groups exhibited similar performance in verbal fluency tasks. However, patients with PD showed impairment in verbs in the naming task. Impairment in verbs was not detected in only lexical judgments tasks, but also in the semantic association task, which supports the idea that verbs are related with the prefrontal cortex, which is affected in PD. This association may not only arise from the action content in the sense of verbs, but could be caused by the grammatical features of verbs. This may support a more flexible embodied theory suggesting that other areas of the brain, in addition to motor areas are recruited during action-related language.
In summary, most studies on action-related language in patients with PD have shown that processes related with action verbs are impaired and this impairment is not always related with other cognitive or language functions. These results suggest that BG structures are important in action-related language. Cortical and subcortical motor areas related with action are also associated with action-related language, but this relation is not observed in peripheral motor systems. The effects of motor system impairment in PD on action-related language can provide important data about the neural basis of action-related language.
Basal Ganglia in Action-related Language
The first studies on BG proposed that BG were a secondary component of the motor system and had only motor functions. It was claimed that BG structures only had roles in slow movement and selection and inhibition of motor programs in competition with each other (56) . Non-motor functions of BG were reported over time. The recruitment of BG structures during award processes, implicit learning, and habit producing has been known for a while now (57) . Various studies have also shown that BG structures are implicated in cognitive processes and lesions of BG cause cognitive impairment (58) .
Houk (59) proposed that in terms of embodied motions and ideas, BG had a modulating effect on the cortex and BG affected language functions. Especially in terms of syntactic processes, the role of BG in language is interesting for researchers (60) . This role of BG is supported by brain imaging studies. Imaging studies on the frontostriatal network have shown the role of BG in semantic processes (4). Kotz et al. (61) showed that BG structures were involved in both semantic and syntactic processes because BGthalamo-cortical networks were activated during semantic and syntactic data integration.
Syntactic errors are associated with increased activation in the left caudate nucleus (62) . Phonologic errors increase activation in the left caudate nucleus, whereas faster phonologic processing is associated with increased activation in the left putamen (63). Abdullaev and Melnichuk (64) showed that neuronal firing increased in the head of the caudate nucleus in the early phase of semantic processing and in the late phase of phonologic processing, which is not related with motor output and is only related with language. Ullman (65) proposed that BG may be a part of the procedural system that occurs in the conversion of phonemes to words.
Lehericy et al. (66) showed that the putamen was primarily connected with motor and premotor areas. It is also connected with the posterior prefrontal cortex as shown by diffusion tensor imaging. The posterior frontal cortex is also related with phonologic segmentation and articular control (67) . The study by Abdullaev and Melnichuk (64) also suggested that BG worked together with the motor and prefrontal cortex during integration of motor and semantic information. The important role of BG in motor control, habit acquisition, and initiation of movement suggests that the BG-thalamocortical loop is one of the neuronal mechanisms that assist the initiation of motor representation underlying semantic integration and action verb processing.
Different parts of BG are involved in semantic and syntactic language processes. BG structures play active roles in motor functions and have intense connections with the frontal cortex, which indicates that these structures are active in action-related language associated with the motor system.
Conclusion
It is clear that BG play an important role in language functions. However, this role must be examined in more detail with imaging and patient groups. The subcortical structures that are impaired make PD an interesting disorder to investigate how impairment of BG affects action-related language.
Numerous cortical connections of BG are known to be activated during language functions. According to the Embodied Cognition Theory, action-related language is formed in action-related areas of the brain and this theory can be tested through BG studies. Determining the functional organization of the motor-language network can show the role of BG on action-related language. Studies that set out to show changes in action-related language in patients with PD under different treatment regimens, in patients with different movement disorders, and imaging studies on healthy controls as well as patients with movement disorders will serve as pathfinders in the search for the location of action-related language in the brain. Ethics Peer-review: Externally and internally peer-reviewed. Financial Disclosure: The authors declared that this study has received no financial support.
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